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MONOGAMY AND PRODUCTIVITY IN SANDHILL CRANES 
STEPHEN A. NESBITT, Florida Game and Fresh Water Fish Commission, Wildlife Research Laboratory, 4005 South Main Street. 
Gainesville. Fl 32601, USA 
THOMAS C. TACHA,' Caesar Kleberg Wildlife Research Institute, Campus Box 218, Texas A&M University-Kingsville, Kingsville, TX 
78363,USA 
Abstract: Marked pairs of Florida (Cros canadensis pratensis) and greater sandhill cranes (G. c. tabida) were monitored for 426 
pair-years. Among pair members, females averaged 3.7 ± 3.6 (SD) years older than males. Pair longevity was not correlated with 
pair productivity (P ~ 0.279) for pairs that were together >3 years. Forty-four percent of 72 Florida sandhill crane pair bonds were 
broken during the study, 67.7% due to death and 32.3 % to divorce. Among both Florida and greater sandhill cranes, the incidence 
of divorce was related to a failure to reproduce; 52.6% of pairs that failed to produce young divorced, while only 10% of pairs that 
divorced had a history of successful reproduction. The development of a monogamous mating strategy is tied to the need to secure 
and maintain exclusive territories in order to reproduce successfully. 
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Successful reproduction in sandhill cranes involves 
extended biparental care of young, maintaining comparatively 
large exclusive territories during the nesting season, and 
close physiological synchrony over a sometimes extended 
(5-6-month) nesting season. These requirements are best met 
with a perennially monogamous mating system. Perennial 
monogamy is defined as "monogamy in which mates are 
pair-bonded throughout their lives" (Barrows 1995). This has 
come to be loosely interpreted as pairing for life. 
Pair bonds among sandhill cranes are maintained year-
round, and no differences in pair bond characteristics have 
been noticed between subspecies or populations (Tacha et a!. 
1992). Sandhill cranes can reproduce at <3 years of age, but 
most do not succeed until later (Tacha et al. 1992), and 25 % 
of some populations never succeed in reproducing (Nesbitt 
1992). Though aspects of the development and duration of 
pair bonds are known, the mechanism through which mate 
selection is made and a pair bond initiated is not known. 
Development of the initial pair bond in cranes is a 
protracted process that involves species-specific displays, 
mutual association, and concurrent behaviors (Bishop 1984, 
Tacha 1988). Three to 6 short-term «2 weeks) preliminary 
diadic relationships are formed and broken before a bond 
develops that results in a breeding attempt (Nesbitt and 
Wenner 1987). 
Pairs of individually marked sandhill cranes from 3 
populations were monitored for several years as part of other 
studies (Nesbitt 1988, Nesbitt and Wenner 1987, Tacha 1988, 
Tacha et a!. 1989). We looked at the fate and reproductive 
success of these pairs as a function of pair longevity to see if 
pair-bond duration was correlated with reproductive success. 
[Deceased (see page v). 
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METHODS 
We studied birds from 3 populations: eastern greater 
sandhill cranes; the mid-continent population of greater, 
Canadian (G. c. rowani), and lesser sandhill cranes (G. c. 
canadensis) (all migratory subspecies); and Florida sandhill 
cranes (a nonmigratory subspecies) (see Tacha et a!. 1994 for 
details of these populations). Data for analysis were from 
eastern greater and Florida sandhill crane populations. 
Cranes were captured with the use of rocket nets (Tacha 
1988) or oral tranquilizers (Nesbitt 1984). Each bird was 
banded with a USFWS leg band and age was determined 
(Nesbitt 1987). Birds that were ~3 years old were designated 
adults, subaduIts were 1-3 years old, and juveniles < I year 
old. They also were individually marked with colored plastic 
leg bands, numbered neck collars, or wing streamers for 
subsequent identification in the field (Tacha 1988, Nesbitt et 
a!. 1992). Some types and sizes of color markers have been 
shown to cause mortality or changes in social status or 
behavior (Ramakka 1979, Hoffman 1985, Bennett 1992); 
therefore, we used only markers that were not known to 
affect behavior. Only individually marked bird, that were 
paired with another marked individual were included in the 
pair-bond duration, reproductive success, and comparative 
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size assessments. Pairs with the minimum ages of both 0.7 
members known were included in the age comparison of pair 
members. To avoid biasing results, we included only breed-
ing-age pairs observed for more than 3 years in the calcula-
tion of pair productivity. Productivity refers to raising young 
that survive to the age when they would leave the company 
of their parents, about IO months of age (Tacha et al. 1992). 
RESULTS 
Seventy-two pairs of breeding-age Florida and 35 of 
eastern greater sandhill cranes were observed in Florida for 
a total of 426 crane-years from 1972 through 1992. In 
addition, subadults were studied, some from hatching into 
adulthood. A pair composed of birds with no previous nesting 
experience usually (5 of 7 times) pioneered a new territory 
together. These territories were generally smaller than 
average and were usually initiated between the boundaries of 
existing actively defended territories. Among experienced 
adults, new pairs often evolved from trios that developed 
during the post-nesting season and persisted for several 
weeks. Trios most often consisted of the resident, territorial 
male and female and a third bird, usually (14 of 18 times) 
another female. The resident female was sometimes sup-
planted by the interloping bird. In the cases in which the trio 
consisted of 2 males and a female, the males were without a 
territory and could have been vying as much for the female's 
territory as for her. Aggression that could result in significant 
injury or death often occurred within these trios. 
Pair Characteristics-Age and Size 
Among eastern greater and Florida sandhill cranes, 
females were older than males in 24 of 32 known-age pairs. 
This difference was significant (X' = 8.0, P < 0.01). The 
disparity in age ranged from 1 to 17 years. When females 
were older (24 pairs) they averaged 3.7 ± 3.6 (SD) years 
older than their mates, and when males were older (8 pairs) 
they averaged 1.9 ± 1.5 (SD) years older than their mates. 
We ranked the pair members by size relative to that 
population's mean for total mass, bilI length, and leg length 
(Nesbitt et al. 1992). Pairs that consisted of birds larger than 
the population average were, for the life of the pair bond, 3.8 
times more reproductively successful (1.6 young produced per 
pair ± 1.87 [SD], n = 25) than pairs with one or both mem-
bers smaller than average (0.42 young per pair ± 0.61 [SD], n 
= 19). This difference was significant (X2 = 9.70, P < 0.01). 
Productivity and Pair Longevity 
The mean minimum pair bond duration among eastern 
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Fig. 1. Productivity of sandhill crane pairs and years that a pair 
was observed, 1977-92. 
greater sandhill cranes was 5.3 ± 1.7 (SD) years, and for 
Florida sandhill cranes it was 4.0 ± 1.8 (SD) years. Pairs 
composed of 2 first-time nesters (n = 13) did not success-
fully reproduce during their initial breeding attempt. Recently 
formed pairs, irrespective of their age or past nesting 
experience (including those that did not stay together > 3 
years), nesting for the first time were sigrtificantly (X2 = 
9.64, P < 0.01) less productive (0.17, n = 59 breeding pair-
years) than those that nested together for >3 years (0.44, n = 
274 breeding pair-years). We compared reproductive success 
and pair longevity using linear regression. Though there was 
an apparent increase in productivity between the first year of 
observation (for some of these pairs [64%] this was also their 
first year of nesting together) and subsequent years (Fig. 1), 
there was no significant increase in productivity with time 
(r' = 0.083, P = 0.279) for pairs that remained together >3 
years. When we separated the data for the migratory popula-
tion (n = 136 pair-years), the effect of years of pair longev-
ity on productivity was not significant (r' = 0.02, P = 
0.748). For the nonmigratory population (n = 257 pair-
years), there was again no positive effect on reproductive 
success with pair longevity (r' = 0.206, P = 0.258). 
Pair Fidelity and Territory Retention 
During the study, 44.4% (n = 32) of the Florida sandhill 
crane pair bonds we mortitored were broken at a rate of 5.5 % 
per year. The cause of break-up was known in 31 cases; 
death of a pair member accounted for 21 (67.7%) of the 
broken bonds, and divorce for IO (32.3%). Divorce was most 
frequently seen in pairs that had failed to produce young. 
However, 1 divorce (10%) occurred in a pair with a history 
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of successful reproduction. Among both the migratory and 
nonmigratory population, 10 of 19 (52.6%) pairs that did not 
produce young divorced. Pairs that had never produced 
young were 5 times more likely to divorce than pairs that had 
successfully reproduced in the past 3 or 4 years. Divorce or 
"mate deserting" (Wickler and Seibt 1983) has been recog-
nized as a consequence of reproductive failure in black-
legged kittiwakes (Rissa tridactyla) (Coulson and Thomas 
1980, 1985). In 26 cases of crane mate death or divorce, 
males retained the territory 92.9% and females 69.2% of the 
time. Females retained the territory following divorce in only 
I of 7 cases. The male retained the territory 100% of the 
time following death of his mate, while the rate for females 
was 66%. 
DISCUSSION 
The 3 preconditions for the development of monogamy 
(Wittenberger 1979:323) are met in sandhill cranes. First, 
monogamous pairing should be a benefit to the female in a 
way not otherwise attainable. Paired female sandhill cranes 
had access to exclusive territory as a member of a perennial 
pair to a greater extent than they could without a mate. 
Second, females must be able to identify unpaired or weakly 
paired males when searching for a mate. Among sandhill 
cranes, paired birds are always in association; a female 
member of the pair responded aggressively to a potentially 
challenging female. Weakened pair bonds (i.e., those pairs 
without young) were perhaps the most likely to support 
development of trios. Preconditions that allowed development 
of trios (reduced aggression from the resident female) would 
be discernible to an unpaired female or a female interested in 
forming a pair bond. The third precondition for the develop-
ment of monogamy, that "neither sex be prone to desert mate 
following fertilization" was present because extended, 
biparental care (9 to 10 months) is necessary for sandhill 
cranes to successfully reproduce. 
Retaining the territory (even one with initially poor 
reproductive potential) puts the pair (or territory-retaining 
bird) in a position to improve the quality of the territory as 
changes (e.g., death or divorce) occur among neighboring 
pairs. Improvement in territory quality as time on nesting 
territory increases is known for other species (Rowley 1983). 
Attrition among neighboring crane pairs is apt to occur with 
enough frequency so that waiting for the opportunity to 
expand the size or quality of the territory or acquire a vacated 
neighboring territory would be a valid option for enhancing 
reproduction. A bird with a territory can usually secure 
another mate, but, without a territory, the bird must initiate 
the process of first securing a breeding territory. The 
advantage given by greater size in securing and maintaining 
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a territory was not studied. However, a territorial advantage 
with size could explain why pairs composed of larger-
than-average individuals were more reproductively successful 
than pairs with one or both members smaller than the 
average. 
Females were less likely to retain the territory after loss 
of mates. They sometimes adopt an unrelated chick, perhaps 
in order to attain a breeding opportunity with a territorial 
male (Nesbitt and Wenner 1987). They were also more likely 
to risk death or injury to actively compete with other females 
(trios) for the opportunity to breed with a territorial male. 
The relative age disparity we found between females and 
males, females being older than their mates, on average, may 
have been due to females maturing at a slower rate than 
males (Nesbitt 1992, Tacha et al. 1989). There were slightly 
more females than males in the Florida sandhill crane 
population; the composition of post-nesting season flocks was 
49.3% males and 50.7% females (S. A. Nesbitt, unpub!. 
data). Neither this difference, nor the difference in age of 
first breeding (2 or 3 years for males, 3 or 4 years for 
females [Nesbitt 1992, Tacha et a!. 1989]), seems great 
enough to account for the age disparity we observed among 
pairs. It is possible that males, because of their role as 
primary territory defender, are more likely to die at an 
earlier age, but this has not been studied. There may be other 
factors that could account for a disproportionate number of 
older females in the population and explain the age disparity 
we observed among pair members. 
Formation of new pairs following death or divorce 
occurred at all times of year, frequently within a few days. 
The change in pair membership was often so subtle that, had 
the birds not been individually color-marked, there would 
have been no change in pair membership detected. 
CONCLUSIONS 
Pair bonds endured for multiple nesting seasons only as 
long as the pair had been reproductively successful at least 
once. It appears that once a pair has successfully reproduced, 
their reproductive success is not significantly enhanced 
through time, but more study is needed to fully test this. Our 
study did not follow any cranes for their maximum potential 
breeding life (± 20 years), but during the period we observed 
them, half of the pairs that failed to reproduce switched 
mates. Plasticity of pair membership may be a reason that 
productivity was not correlated with time together. The 
members remated and could keep doing so until reproductive 
success was attained or a bird left the breeding population. 
Reproductive success may be more closely correlated with 
the relative amount and value of available resources (e.g., 
food or escape cover) associated with each pair's respective 
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nesting territory. Changes in pair membership occurred 
throughout the population and with such frequency that it is 
perhaps best to use the phrase "pairing for life" with some 
caution. Because pair membership can change unnoticeably, 
it is possible that a territory would appear to be occupied 
consistently for years when actually pair membership had 
changed several times. 
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